The release characteristics of ‰avor in boiling water and the ‰avor retention in the rice after cooking were investigated by using spray dried powder in encapsulated in or emulsiˆed with d-limonene or ethyl n-hexanoate in cyclodextrin and maltodextrin, or in gum arabic and maltodextrin. The behavior of ‰avor release into the boiling water was well simulated by Avrami's equation. The retention of d-limonene and ethyl n-hexanoate in cooked rice was correlated in each case with the ‰avor amount of spray-dried powder added.
Flavor has the most important role in the quality of food, but its physicochemical characteristics are high vaporization and instability against heat and light. Flavor encapsulation techniques are therefore often applied to protect from ‰avor loss and deterioration in many kinds of food. The molecular inclusion of ‰avor compounds into cyclodextrins (CDs) is one of these techniques, and is accepted as the most e‹cient way for protecting ‰avor. CDs are homogeneous cyclic oligosaccharides which can include various guest molecules in their hydrophobic cavities. Many kinds of volatile and unstable materials have been formed into stable complexes to improve their stability against oxygen, heat, or light.
1) The spraydrying method can be applied in large scale cases. However, ‰avor loss by heat treatment during spray drying is a drawback, and many researchers have investigated this problem. 2, 3) It is important to investigate the ‰avor loss from encapsulated powder during storage. The release rate of the ‰avor from CD-inclusion powder increased with increasing temperature and humidity, and the physicochemical characteristics of the guest compounds, in respect of their molecular structure and solubility, gave the diŠerent time-course release characteristics. 4) In this study, ‰avor release during cooking was investigated to control the ‰avor of food after cooking. Flavor encapsulation was applied, using the combined encapsulation method for inclusion by b-cyclodextrin and emulsiˆcation by gum arabic. d-Limonene and ethyl n-hexanoate were used as model favors. The release characteristics of the ‰avor into boiling water and the ‰avor retention in rice after cooking were investigated. Flavor was added as a spray-dried powder encapsulated in or emulsiˆed with d-limonene or ethyl n-hexanoate in cyclodextrin and maltodextrin, or gum arabic and maltodextrin. b-Cyclodextrin ( b-CD; 99.7z purity) was purchased from Ensuiko Sugar Chemical Co. (Yokohama, Japan), and chloroform was from Wako Pure Chemical Industries Ltd. (Osaka, Japan). d-Limonene, ethyl n-hexanoate and gum arabic (GA) were purchased from Nacalai Tesque (Kyoto, Japan) and Tokyo Kasei Kogyo Co. Ltd (Tokyo, Japan). Maltodextrin (MD) was presented by Nippon Starch Chemicals Co. Ltd. (Osaka, Japan). GA and MD were used as an emulsiˆer and wall material, respectively. Rice was obtained from a local supermarket.
The ‰avor inclusion powders were prepared by spray drying, using the combined encapsulation method of inclusion by b-CD and emulsiˆcation by GA and MD. A 10 wtz amount of a b-CD slurry ( b-CD10z), a blended solution of 10 wtz b-CD and 10 wtz GA ( b-CD10z W GA10z), a blended solution of 10 wtz b-CD, 10 wtz GA and 10 wtz MD ( b-CD10z W GA10z W MD10z), and a blended solution of 10 wtz GA and 10 wtz MD (GA10z W MD10z) were prepared. Then, 2.40 wtz of d-limonene or 2.54 wtz of ethyl n-hexanoate was added to the b-CD slurry, and 4.80 wtz of d-limonene or 5.08 wtz of ethyl n-hexanoate was added to the blended solutions. These mixtures were used as the feed solution for spray drying. Spray drying of these solutions was done in a spray dryer. b-CD encapsu- Unˆlled symbol is ethyl n-hexanoate, and theˆlled symbol The unˆlled symbol is ethyl n-hexanoate, and theˆlled
lated powder, the blended powder of b-CD W GA W MD, b-CD W GA, or GA W MD, was prepared by spray drying. The preparation method used was same as that in the previous report.
5) The ‰avor-release behavior in boiling water was investigated by weighing about 0.1 g of spray-dried powder into a glass tube (13 mm diameter×100 mm height) and then pouring in 4 ml of distilled water. This tube was incubated in boiling water for aˆxed time. The tube was then opened, and a small amount of water was evaporated. After the prescribed time, the tube was removed from the boiling water and chilled in ice-cooled water. The remaining amount of ‰avor in the samples was extracted with chloroform by the reported method.
6) The ‰avor content was determined by FID gas chromatography, the retention of ‰avor in the powder being expressed as the ratio of retained ‰avor to the initial ‰avor content. The ‰avor retention during rice cooking was investigated by cooking 81 g of rice, 180 g of distilled water and 0.1-1.5 g of spray dried powder with a rice cooker (Mitsubishi Electric NJ-S5T, Tokyo, Japan) for about 40 min. After 40 min of cooking, 1 g of cooked rice was taken and put into a vessel (30 mm diameter×50 mm height). Four ml of distilled water and 1 ml of chloroform were added to the vessel. The ‰avor was extracted by the same method as that used for the boiling water. The amount of ‰avor in the wet-cooked rice was measured twice by FID gas chromatography. Figure 1 shows a comparison of the ‰avor-release behavior of d-limonene and ethyl n-hexanoate included in the b-CD10z powder, b-CD10z W GA20z powder, b-CD10z W GA10z W MD10z powder and GA10z W MD10z powder against the release time in boiling water. After 60 min, 70z and 30z of the initial amount of d-limonene and ethyl n-hexanoate respectively remained. In the case of both the ‰avors, the release time-course was almost same, being independent of the encapsulant and dependent on the ‰avor. The solid lines in Fig. 1 were correlated by the Avrami's equation:
where R is the retention of ‰avor during release, t is the time, n is a parameter representing the release mechanism, and k is the release rate constant. The release rate constants did not depend on the encapsulant. The values of k for d-limonene and ethyl n-hexanoate were 3.6×10 "3 s "1 and 2.1×10 "2 s "1 , respectively, and the values of n were 0.65 for both ‰avors. All experimental data for R were correlated well with these calculated values. Avirami's equation would be useful to estimate the release time-course of ‰avor in boiling water. These results suggest that the addition of b-CD for protecting these ‰avors in boiling water might have little advantage. However, with storage at 509 C and 75z relative humidity of the spray dried powder, the addition of b-CD could enhance the controllable release capability of ethyl nhexanoate, while the release rate of d-limonene for powder involving b-CD was comparably slow. 5) This indicates that it would be di‹cult to control ‰avor release in the soluble condition of ‰avor powders. Figure 2 shows the relationship between the initial ‰avor content and ‰avor content remaining after cooking the rice for 40 min. The vertical axis represents the amount of ‰avor contained in 1 g of cooked rice, and the abscissa is the amount of ‰avor in the powders added to the dry rice before cooking. As shown in Fig. 2 , ‰avor retention was independent of the matrix carrier as the encapsulant. d-Limonene retention was greater than that of ethyl n-hexanoate. These results indicate that the ‰avor retention was dependent mainly on the ‰avor emulsion stability. However, even if 2 g of spray-dried powder was added to 81 g of dry rice, the amounts of remaining d-limonene and ethyl n-hexanoate were only 24 mg W g of cooked rice (a ‰avor retention of 1.2z) and 10 mg W g of cooked rice (a ‰avor retention of 0.53z), respectively. The retention of d-limonene in the cooked rice was greater than that of ethyl n-hexanoate. This suggests that we have to consider the change of compound proportions in ‰avor before and after cooking.
These results indicate that the ‰avor solubility of spray-dried powder in water and the ‰avor release rate are key aspects for controlling ‰avor during cooking.
